Summary.-The concentration of desmethylmisonidazole (DESMISO) was determined in 60 biopsy samples taken from 13 human tumours and in cerebrospinal fluid (CSF) from 8 patients after oral administration. In comparison with misonidazole (MISO), peak concentrations in plasma were reached at earlier times and half-lives were shorter, so that the area under the curve of plasma concentration with time (AUC) was reduced by 45%0; the AUC of CSF concentration with time was reduced by 6700. Between 1 and 2 h after administration of DESMISO, concentrations in tumours were generally 85-90% of those of MISO estimated~4 h after it was given. The two drugs when tested in equimolar concentrations have been found in laboratory experiment to be equally potent as hypoxic cell radiosensitizers. Recognizing the lower mol. wt of DESMISO and the trend to higher concentrations in the more necrotic areas of the tumours studied, equal doses by weight of the two drugs given orally may give equal radiosensitization of hypoxic cells in human tumours.
THE FIRST chemical sensitizing agent of hypoxic tumour cells to reach full clinical trial misonidazole (MISO)-has proved to be neurotoxic, and the total dose which may be given to patients must be limited (Dische et al., 1977) . A considerable effort is currently being made to develop new drugs which will show greater activity and/or reduced toxicity and so allow higher levels of sensitization to be reached in hypoxic cells in human tumours.
Desmethylmisonidazole (the Roche experimental drug, DESMISO) is the first metabolite of MISO, and in equimolar concentration is a radiosensitizer of equal efficiency to MISO (Fowler et al., 1976) . The drug, however, combines a lower lipophilicity (the octanol/water partition coefficients are MISO 0 43, DESMISO 0*1 I) with a shorter half-life in dogs and mice (Brown & Workman, 1980; White & Workman, 1980) . These qualities should be associated with reduced neurotoxicity. Although there is some variation in the findings concerning the incidence of neurotoxicity in animal studies with this drug, the most recent ones suggest that DESMISO is significantly less toxic than MISO (Dische et al., 1980) .
We have recently shown that the drug is well absorbed when given orally (Dische et al., 1980) . The peak concentration, at about 1 h, was 80% of that seen with MISO. The mean half-life of the drug in plasma was found in the 3 subjects to be 6-0 h, compared with 10.4 for MISO.
These findings suggested that DESMISO might prove to be a more efficient drug for oral use as a hypoxic-cell sensitizer in man than MISO. A clinical study to determine drug levels in human tumours and in cerebrospinal fluid (CSF) is now reported.
MATERIALS AND METHODS
Tumour biopsies were performed in 13 patients who presented advanced untreated primary tumours or recurrent tumours. They consisted of 6 carcinomas of breast, 5 carcinomas of the uterine cervix, 1 recurrent rectal carcinoma and 1 malignant melanoma on the lower leg. All patients gave their informed consent, and all administrations were coordinated with the radiotherapy which they were receiving so that any benefit due to radiosensitization of hypoxic cells would be gained by the patient. In the 5 cervix cases multiple biopsies were taken under general anaesthesia; with the remaining cases local anaesthesia was used in a few instances, but in most no anaesthetic was required.
The samples were freed from contaminating blood by absorption on blotting paper and examined for homogeneity of appearance. A representative portion was removed for histological examination. The specimens reaching the laboratory for estimation of nitroimidazole concentration ranged from 20-1000 mg but was usually 50-200 mg. In 6 cases biopsy samples were taken at hourly intervals for 3 or 4 h. In 11 of the cases more than 1 specimen was obtained at the same time in order to compare concentrations in different tumour samples. A total of 60 samples were taken from the 13 tumours.
The dose of DESMISO was 0-5-2-0 g and the individual dose was usually calculated on a basis of 0 5 or 1 g/m2 of surface area. It was given in an aqueous solution and blood samples were taken for determination of plasma concentration at half-hourly intervals to 4 h and then at 6, 8 and 24 h after administrations. Urine samples were collected during a 24h period in some cases. The findings in plasma and urine will be reported separately.
One purpose of the work was to compare concentrations in human tumours of DES-MISO with those achieved with MISO. In view of the variability which may be found in the drug concentrations in tumour we did in 7 cases administer both drugs on the same day. In 3 they were given simultaneously and the tumours biopsied at hourly intervals, and in 4 they were separated by 2-3 h and sampling carried out at the currently regarded optimum time for treatment after administration of MISO, and the probable optimum time for administration of DESMISO. Although DESMISO was given in these cases in the usual aqueous solution, the MISO was given in capsules. This was because of the requirements of the drug-regulating authority, and because it was intended that a practical comparison of the potential use of DESMISO against the current use of MISO should be performed.
In 8 patients with a variety of malignant disorders a lumbar puncture was required as part of their medical management. The informed consent of the patient was obtained for the administration of a small dose of DESMISO at a given interval before the lumbar puncture. In some a number of blood samples were taken in order to produce a curve of plasma concentration with time, but in most this was not possible. At the time of lumbar puncture a blood sample was taken and 0 5-1 ml of CSF for DESMISO estimation.
All nitroimidazole concentrations in tumour, blood and urine were determined by high-performance liquid chromatography (HPLC) using methods previously described (Dische et al., 1979) . Using this technique both MISO and DESMISO concentrations were determined in each sample of tumour or blood in a single operation.
In 2 of the patients given MISO and DESMISO before anaesthesia the interval between administration of DESMISO and anaesthesia was reduced to 1 h. This was permitted by the anaesthetist, as the small amount of DESMISO given could be dissolved in less than 4 ml. It was, however, found that the administration coincided with the giving of the premedication. The curve of DES-MISO concentration in the plasma showed a marked delay, no doubt related to gastric delay due to the premedication, and the tumour biopsies in these cases were of little value.
RESULTS

Tumour concentration
With both MISO and DESMISO all values were normalized to an administration of 1 g/m2. Fig. 1 shows a typical result in a patient with a large ulcerated carcinoma of the breast in which all the material taken showed apparently fully viable carcinoma by histological study. The concentration of MISO in this case rose steadily up to 4 h after administration, closely parallelling the plasma concentration. The concentration of DES-MISO also follows the blood levels and reaches a maximum at 2 h. In Fig. 2 can compare the curve of tumour concentrations in 6 tumours with DESMISO and in 3 of the same tumours with MISO. In general the features already described may be seen. We have examined the data for any alteration with time in the ratio of DESMISO concentration in tumour to that in plasma, and none was seen; with MISO we noted a slight but not significant trend for improved tumour/plasma ratios with time.
In work with MISO we have shown that the tumour concentration is inversely related to the amount of necrosis to be observed histologically in the specimen (Rich et al., 1981) . All 60 samples in this study were examined histologically, and in each an estimate was made of the percentage of the material occupied by obviously necrotic material. Fig. 3 on the mol. wt, and a possibly greater penetration of the drug into necrotic tissue and perhaps into hypoxic cells, we can for practical purposes consider that administration of equal amounts of the 2 sensitizing drugs will lead to an approximately equal amount of hypoxic-cell radiosensitization when radiotherapy is given after the appropriate interval. There is evidence in laboratory animals and in man that the closest correlation with toxicity lies with the AUC of plasma concentration vs time. The reduction of the AUC by 45% with DESMISO ought to result in reduced toxicity. The AUC of CSF concentration vs time is reduced by 67%, and this ought to allow further reduction of cerebral neurotoxicity and perhaps also peripheral neuropathy, if uptake in peripheral nerves is also reduced.
These results give further support to the view that DESMISO may prove to be a more effective sensitizer in clinical practice than MISO. Administration of the drug to humans in amounts required to achieve radiosensitization in a course of radiotherapy is now indicated. The toxicological study of this drug will be important not only to help determine the potential of the drug for clinical trial, but also to learn whether the laboratory models for quantitative estimate of toxic effects of chemical sensitizers are relevant to man.
